5,865,700 



HYDRO-MECHANICAL TRANSMISSION 

This is a d ivision of Reissue Application No. 09/496.181 . 
filed January 31,2000. 



HELD OF THE INVENTION 

The present invention relates to an improved transmission 
of the type including a combination of hydrostatic (fluid) 
and mechanical drives. More specifically, the present inven- 
tion relates to a transmission which may transmit power 
solely through the hydrostatic portion of the transmission, 
solely through the geared portion of the transmission, or in 
combination through both the hydrostatic and geared por- 
tions of the transmission. 

BACKGROUND OF THE INVENTION 

Both hydrostatic transmissions and geared transmissions 
are used in agricultural and construction equipment to 
transmit power from engines to equipment for accomplish- 
ing a desired task. For example, transmissions are used to 
properly transmit power to the wheels of a vehicle, or to a 
vehicle implement such as a rotor on an agricultural com- 
bine. However, depending upon the application, it is seldom 
that either a geared transmission or a hydrostatic transmis- 
sion will provide the best performance for all of the trans- 
mission requirements. Two important considerations in 
selecting transmissions are their efficiency and range of 
input and output speed variability. In general, hydrostatic 
transmissions provide extremely high speed variability 
between the input and output, but are less efficient than 
geared transmissions. 

Turning to the rotor of a combine, such rotors usually are 
relatively high in mass, and as the size of combines 
increases, become increasingly larger. Typical combines 
now use variable pulley belt drives to transmit power to the 
rotors. However, the power required to rotate the larger 
rotors of larger combines cannot be effectively transmitted 
through conventional belt drives. Also, the current machines 
have a provision to manually rotate the rotors in reverse, 
after they become clogged with excess material. This is not 
only cumbersome but also less effective with larger 
machines. Accordingly, in the larger combines there is a 
move toward using geared transmissions to drive the rotor 
and provide an engine -powered reversing feature. However, 
one of the problems with geared transmissions is the limited' 
variability in speed. This limitation restricts the operator's 
ability to optimize rotor speed to obtain peak harvesting 
efficiency. Another problem with geared transmissions is the 
amount of energy which must be dissipated by the input 
clutch when engaging the power source to initiate rotation of 
the rotor. Due to the high inertia of large combine rotors 
initiating rotation of the rotor when the combine engine is* 
rotating at operating speed results in substantial wear of the 
input clutch to the transmission. 

In view of the need for an improved transmission having 
improved variability between transmission input and output 
speed while maintaining efficiency, it would be desirable to 
combine the features of a hydrostatic transmission with a 
geared transmission. 



to the first output shaft. The differential assembly is rotatably 
supported by the housing, and includes a third input shaft 
coupled to the first output shaft, a fourth input shaft coupled 
to the motor, and second output shaft. The speed of the 
5 second output shaft is a combination of the speeds of the 
third and fourth input shafts. 

The present invention also provides a method for increas- 
ing the speed of the output of the hydro-mechanical trans- 
mission. The method includes the steps of operating the first 
10 input shaft at a first rotational speed, operating the clutch to 
couple only the second input shaft with the first output shaft 
and increasing the rotational speed of the motor to a speed 
which rotates the second output shaft at a second rotational 
speed such that the ratio of the first and. second rotational 
speeds is within a predetermined range of a predetermined 
ratio. After the ratio of the first and second rotational speeds 
is within the predetermined range, the clutch is operated to 
couple the first input shaft with the first output shaft. 
20 f 7116 P resent invention further provides a threshing system 
for a combine including a clutch having a first input shaft, 
a second input shaft and a first output shaft. The clutch is 
configured to selectively couple the output shaft to the first 
and second input shafts. The system also includes a hydrau- " 
25 hc motor coupled to the second input shaft and a differential 
assembly. The differential assembly includes a third input 
shaft coupled to the first output shaft, a fourth input shaft 
coupled to the motor, and a second output shaft. The speed 
of the second output shaft is a combination of the speeds of 
30 ! he fourth input shafts. The system also includes an 

internal combustion engine coupled to the first input shaft, 
a hydraulic pump coupled to the engine and in fluid com- 
munication with the hydraulic motor, and a threshing rotor 
coupled to the second output shaft. 
35 The present invention still further provides a method for 
increasing the speed of the rotor of the threshing system. The 
method includes the steps of operating the first input shaft at 
a first rotational speed defined by the speed of the engine, 
operating the clutch to couple only the second input shaft 
40 111(1 fir s» output shaft, and increasing the rotational speed 
of the motor to a speed which rotates the rotor at a second 
rotational speed such that the ratio of the first and second 
rotational speeds is within a predetermined range of a 
predetermined ratio. After the ratio of the first and second 
45 rotational speeds is within the predetermined range, the 
clutch is operated to couple the first input shaft with the first 
output shaft. 



BRIEF DESCRIPTION OF THE DRAWINGS 



SUMMARY OF THE INVENTION 

The present invention provides a hydro-mechanical trans- 
mission. The transmission includes a clutch rotatably sup- 
ported by a housing. The clutch includes a first input shaft, 
a second input shaft and a first output shaft, and is configured 
to selectively couple the output shaft to the first and second 
input shafts. The transmission also includes a motor coupled 
to the second input shaft, and a differential assembly coupled 



50 The present invention will become more fully understood 
from the following detailed description, taken in conjunction 
with the accompanying drawings, wherein like reference 
numerals refer to like parts, in which: 

FIG. 1 is a schematic block diagram of a transmission 
connected to a rotor of a combine; and 

FIG. 2 is a schematic block diagram of a control circuit of 
the combine shown in FIG. 1. 

FIG. 3 is a flowchart of a method of operating the 
50 transmission of FIGS. 1 and 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a schematic diagram of a vehicle, such as an 
65 agricultural combine, designated by the reference numeral 
10. Combine 10 includes an engine 12 mechanically coupled 
to a hydro-mechanical transmission 14. Hydro-mechanical 
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MvtZH M Se ! eCtively drives a differential assembly 16 In a preferred embodiment, output shaft 52 of differential 

*™"° U * ^ raUos -, 45 com f™ by 30 0pera,OT and « ss ™*'y 16 ^ coupled to a multi-speed transmission 20 

controlled by a control circm. 18. Deferential assembly 16 which in turn drives rotor 22. As will be appreciated by one 

Hriv« f * g " r J™"*** 20 which "> <«™ skilled in the art, multi-speed transmission 20 (e.g., CoZ 

dnves a porUon of an agncultural implement, such as a rotor 5 speed) may be any onTof a number of types of 

" transmissions, including synchronous power shaft, jaw 

Hydro-mechanical transmission 14 is supported in com- clutch and standard gearbox transmissions 

bine 10 by a housing or support frame 24. Hydro-mechanical As shown in FIGS. 1 and 2, combine 10 also includes a 

™tT™ ^ dCS S r tor 2 t', 3 ?r p 28 ' a dutch coalml 18 Control circuit 18 has a system control 54 

UKmbly 30 and differential assembly 16. Motor 26 is a " for co^ou^ me ^ of ^ 52 to multi- 

~Z ™.i,h motor « f^P^P 28 15 Preferably an electronically speed transmission 20 which in turn rotates rotor 22. Com- 

controlled variable ^placement hydraulic pump. By cbang- bine rotor 22 is used to harvest different crops, including 

™?J « volume in pump 28 for a fixed pump input speed. com.oats.wheat.soybearisandrice.TlieoptmiUrotorspeed 

M » P nf ^ SPCed ° f m0t ° r 26 H >*«««* P^P for harvesting depends on the type of crop to be barvJsred 
ZL£LZ?* arc K OP "l te ^ m " C,0S6d drCui ' and " «*eU as other condidor^, such as the amount of moisture 

fii, 0nC "h 0 "^ 6y ^ 34 * Dd appro - and we volume of «•« «*• Control circuit 18 includes an 

pnate fluid filters and storage tanks (not shown) as required. input speed transducer 56 which monitors the rotational 

Clutch 30 of hydro-mechanical transmission 14 is rotat- speed of first input shaft 36 of clutch 30 and an output speed 

ably supported relative to housing 24 by an input shaft 36 transducer 58 which monitors the rotational speed of output 
and an output shaft 40. Input shaft 36 is rotatably supported 20 shaft 52 of differential assembly 16. 

.L™^ 7 1 a - d 7 ^ aDd . ™ P ™ Shafl 40 * Control circuit 18 coveted to clutch 30 via a clutch 

shaft! a^H^T 8 ^ Tt 7 h? U,cb ***r two input "ctuatingcircuit60andch,tchactuatingas Se mbly31,sothat 

shafts 36 and 38. First input shaft 36 is coupled to engine 12 system control 54 can regulate the engagement of output 

r^Jl? P ^ff 84 ext !° ds from pum P 28 and is shaft 40 to first and second input shafts 36 and 38, respec- 
rotatably supported by beanngs 86 and 88. Shaft 84 routes 25 tively. By activating hydro-mechanical clutch 112 or hydro- 

fnnf.fi.f, ^ meshes w.th a gear 92 mounted on first static clutch 114, system control 54 may engage output shaft 

input shaft 36, thereby enabling pump 28 to drive first input 40 with respective input shafts 36 and 38. Aslhowi i in FIG. 

s a 2, clutch actuating circuit 60 includes a hydraulic circuit 62, 

Second input shaft 38 of clutch 30 is supported by bearing a solenoid operated valve arrangement 64, and hydraulic 

74 and coupled to motor 26. Extending from motor 26 is a fluid source 32. Circuit 62 is coupled to clutch 30 to engage 

™ f* 7 ^ w hich is rotatably supported by bearings 96 and 98. and disengage output shaft 40 from first and second input 

Shaft 94 rotates a gear 100 which meshes with a gear 102. shafts 36 and 38, respectively. Arrangement 64 may be pulse 

Gear 102 is coupled to a shaft 104 which is rotatably width modulated valves controlled by signals applied to 

supported by bearing 106. Gear 102 also meshes with a gear arrangement 64 by system control 54 via a signal bus 80 

105 mounted on second input shaft 38. Thus, motor 26 may Furthermore, control circuit 18 regulates the speed of 

rotate second input shaft 38. motor 26 by applying appropriate ^ signak 

Clutch 30 has output shaft 40 which may be selectively signals to pump 28 via signal bus 82 to maintain a prede- 

engaged to either first input shaft 36 or second input shaft 38. lermined speed for output shaft 52 of differential assembly 
As will be discussed in further detail below, output shaft 40 w 16 or to maintain a predetermined speed difference between 

may be engaged either to first input shaft 36 by turning on first input shaft 36 of clutch 30 and output shaft 52 

a hydro-mechanical clutch 112 or to second input shaft 38 by Thus, with reference to the method depicted in FIG 3 

turning on a hydrostatic clutch 114. When output shaft 40 is hydro-mechanical transmission 14 preferably operates' as 

36 ' 30 15 by foUows ™*» ^ is running, E P 28 andSpu. 
SJ3?SX OU,pu u 40 " C °^ led tOSeCODd m P ut shaft 38, 45 shaft 36 are powered and rotated at a first rotational speed at 

clutch 30 is driven by motor 26. a slcp 200. First input shaft 36 is initially disengaged from 

Differential assembly 16 has a first input shaft 42 which clutch 30, and shaft 94 of motor 26 is coupled to shaft 40 

isthe same as or coupled to output shaft 40 of clutch 30, As through the intervening drive train elements and clutch 30 at 

shown in FIG. 1, differential assembly 16 may be a planetary a step 202. The speed of motor 26 is increased by increasing 

gear arrangement including a ring gear 44, a plurality of so lhe displacement of pump 28 until the ratio of the rotational 

planetary gears 46 supported by a shaft 52 and a sun gear 48. speeds of shafts 36 and 52 is within a predetermined range 

First input shaft 42 of differential assembly 16 is coupled to of a predetermined ratio at a step 204 

!^?.. 8 l ar ft 4 tn D f " ential assembly 16 also has a second Once the ratio is within the predetermined range, clutch 

input shaft 50 which rotates on beanng 106. Second input 30 may be disengaged from second input shaft 38 and 

e«fL« f P m0t £ 2 f 10 * un gMr 48 Shaft 94 which « en gaged * first input shaft 36 at a step 206. With shaft 38 

m~h« wT Si 2 „ 6 ^ T** " gCar 108 Gear 108 disengaged, varying the speed of motor 26 enables bydro- 

m £*" ™| h 8 Sear HO mounted on second input shaft 50 of mechanical transmission 14 to change the speed of shaft 52 

£fiff$ T\ m ° ,0r K 26 , may r °' ate Se ° 0nd wilhom ,he speed of euginJ 12. ThuTwith hydro- 
input shaft 50 of differential assembly 16. mechanical transmission 14 greater variability in speed is 
Output shaft 52 of differential assembly 16 is rotatably 60 avaUable, allowing combine 10 to harvest crops more efiE- 
supported by bearing 116 and rotates at a speed which is a ciently by controlling the speed of rotor 22 more precisely 
combination of the speeds of first and second input shafts 42 Hydro-mechanical transmission 14, therefore, has several 

exL^ a ™, \ ° f d 'f^Tl . a f embly 16 " F ° r benefits - Rotor 22 ma y «* accelerated from start-up to an 

S of^LTS ^T*?^ ^aft « plus 0.27 2times operating speed in any gear without the use of a sUpping, 

^ft ^ ? f?T " he of sh af' S2. Output 65 high energy clutch. Rotor 22 may also be reversed and 

shaft 52 may drive wheels on an axle (not shown) of vehicle forwarded at high torque without using a high energy cluteh 

10 or an agncultural implement, such as rotor 22 as shown. In addition, since braking is accomphshedl ^ydroSaticaUy 



